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E nergy budgets of free-living m am m als are affected by a v a rie ty of environm ental and physiological factors. S h o rt-term energetical efforts often resu lts in negative energy balances. On the long run, how ever, the energy ex p enditure m ust be balanced by the energy assim ilated from food. Thus, the ultim ate upper lim it to energy budgets of anim als is determ ined by the m axim um rate of energy assim ilation.
In contrast to the num erous accounts concerning the extrem e sh o rt term energy outputs (e.g. m axim um aerobic m etabolism , m axim um rate of heat production, etc.; see H eldm aier, 1971; Taylor et al., 1981; and G rodziński, 1985 ; for reviews), not m uch is know n about the long-term upper lim it to energy assim ilation. Some studies on the energy consum p tion by large herbivores, which is lim ited by chem ical composition of diet (see Hudson & W hite, 1985 , for a review), and K endeigh's (1972) available productive en ergy" of sparrow s can be in te rp re te d as the m easures of longterm upper lim it of energy assim ilation. More recently Kirkwood (1983) has draw n attention to the im portance of this problem .
In an a tte m p t to evaluate a general allom etric form ula scaling the m axim um energy assim ilation to the body w eight, he has gathered diverse data on high m etabolisable energy intakes in various homeotherm s. None of these data, how ever, w ere purposingly m easured as the m axim um attainable assim ilation rate. W ithin the fram ew ork of a sim ilar concept, Gross et al. (1985) studied the influence of elevated energy requirem ents and d eterio rated q u ality of food on gut m orphology and m axim um d ry m ass in tak e in voles.
In this stu d y we a tte m p te d to m easure d irectly the highest attainable energy assim ilation ra te in non-reproducing, sm all m am m alian h e rb i vores. The experim ental design consisted in foodbalance tria ls at various levels of tem perature-induced high energy budgets. 
R ESU LTS A ND D ISC U SSIO N
All anim als survived the experim ents a t tem p e ra tu re s higher than 0°C. A t 0° and -5°C over 60% of individuals died during all tria ls ' (the results rep o rted concern only the individuals th a t survived). The voles m aintained a constant body m ass only at 10°C, in all other tem peratu res th eir body m ass dropped, m ost distin ctly at cold am bients (Fig. 1 a; differences significant a t 1% level). The initial body w eights did not differ statistically am ong experim ental groups.
In the range of am bient tem p eratu res from + 5°C to + 20° the energy consum ption increases lin early w ith decreasing tem p eratu re (Fig. lb) , reaches a m axim um of 3.26±0.23 k J X g -1 X d a y~l a t + 5°C , and drops again at even low er tem peratures. A sim ilar p a tte rn of changes is followed by the coefficient of assim ilation of food w ith the peak efficiency of 82.8 ±7.2% (Fig. 1 c) . Consequently, the rate of energy assim ilation also reaches a distinct m axim um at + 5°C (2.56 ± 0.21 k J X X g -1X d a y -1; Fig. 1 d) . ANOVA reveals statistically significant d iffer ences at 10% level among assim ilation coefficients and on the level of 1% in all other variables exam ined. 
I i • 1 All p aram eters of the energy budget (consum ption, assim ilation, ef~ ficiency of digestion) decreased, ra th e r th an m aintained a p lateau at the tem peratures low er than th a t a t w hich m axim a have been reached (Fig. 1) . This m ay be explained as an effect of general d eterioration of anim als' condition a t the continuously negative energy balance and/or therm al discom fort. This effect led to th e dram atically increased m o rtality of voles, w h at prevented us from continuing ex p erim ents at the lowest am bient tem perature.
The m axim um rate of energy assim ilation reached by the nonreproduc ing, non-acclim ated anim als (this study) is only about 3 tim es g reater than the basal m etabolic rate predicted for this species (Górecki, 1968; H art, 1971; Grodziński, 1985) . This finding is p articu la rly interesting w hen com pared w ith the estim ates of the average energy budgets of free-living sm all m am m als. These, a fter various authors, average 2- The m axim um energy assim ilation rates of the non-reproducing bank voles are distinctly low er than these attain ed by the lactating fem ales. At peak lactation the fem ale voles assim ilated 35.6-41.5 kcal (i.e. 149--174 kJ) daily (Kaczm arski, 1966), w hich is 3 tim es m ore th an the m axim um assim ilation rate of the non-reproducing individuals (this study). This striking difference m ost probably can be a ttrib u te d to the lack of any digestive acclim ation in the bank voles studied here. It has been shown th at during pregnancy and lactation, as well as in the consequence of cold-induced increase in energy dem ands, sm all m am m als are capable to adjust the size and stru c tu re of th eir digestive organs iM yrcha, 1964; Gębczyńska & Gębczyński, 1971; B arnett, 1973; Sibly, 1981; Gross et al., 1985) . The difference m ay also be exaggerated -by some differences in experim ental procedures. K aczm arski (1966) has applied a very highly digestible diet, including milk.
On the other hand, it is interesting th a t the c u rre n tly achievable .m axim um energy consum ption rates h a rd ly exceed the actual energy requirem ents. A very sim ilar situation has been dem onstrated in D jungarian h am sters (Phodopus sungorus) of various reproductive status, th a t w ere exposed to low am bient tem p e ra tu re s (W einer, in press). It seems th a t the changes in energy assim ilation capacity, w hich require considerable restru c tu ra tio n of the gut, are relativ ely easy to occur, w hereas m aintaining the high efficiency of en ergy assim ilation is con nected w ith some adverse effects, e.g. increased m etabolic costs of m aintenance (Gross et ah, 1985 ; W einer, in press). The trade-off betw een the costs of m aintaining the im proved assim ilation capacity vs. the costs of continuous ad ju stm en t to the c u rre n t n u tritio n al dem ands, w ithin the adaptation strateg y of a sm all m am m al, requires fu rth e r studies.
